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Furthermore, a number of public and national security issues unique to the U.S.-Mexico border were brought to the attention of the federal government and are now being addressed, largely through the efforts of the U.S. Department of Homeland Security.
Program results demonstrated the value and effectiveness of the program's process for technology exchanges. Opportunities now exist to transition the program from its successful initial stage to one where it can more effectively address a broader spectrum of multi-disciplinary problems that impact millions of U.S. and Mexican citizens. Substantial benefits would accrue to both sides of the U.S.-Mexico border were the two countries to continue this collaboration.
1.
INTRODUCTION
For several years, the Department of Energy's collaborations with Mexico's federal agencies have largely focused on energy cooperation. The common theme of this work has often included joint research and applications of innovative technologies that show potential for resolving challenges of common interest to both countries. Technologies often originate from DOE-sponsored laboratories, contractors and universities and a host of Mexico's counterpart organizations.
In the mid-1990s, DOE' Technology exchanges that enhance the operations of the DOE weapons complex as well as U.S. and Mexican industry.
It was widely recognized that these DOE-Mexico technology exchange efforts must be structured to achieve near-term benefits for the U.S. and Mexican governments and their citizens. For example, by applying DOE-sponsored technologies, the environmental management infrastructure of the U.S.-Mexico border region could be improved. 1 This would, in turn, reduce health risks for both U.S. and Mexican citizens caused by exposure to pollutants from the region's expanding manufacturing industry. In parallel, technology developers would have greater opportunities to test and evaluate the effectiveness of their technologies under real-world operating conditions. Thus, the program's implementation model called for:
Focusing on environmental management issues that are common to both the U.S. and Mexico (including problems associated with the clean-up and improved operations of DOE's weapons complex) or, at least, impact both nations
Identifying and evaluating DOE-sponsored technologies that show promise for addressing these needs by matching technology performance parameters against the requirements faced by the problem holders
Demonstrating technologies in collaboration with the problem holders under realistic operating conditions that would, in turn, expand the performance database of the technologies, and
Deploying solution technologies that satisfy the problem holders' needs within an acceptable form, schedule and budget.
It was believed that the above strategy would yield the following results:
Successful technology demonstrations along the border that would create opportunities for greater commercialization
Successful commercialization would generate new jobs for both countries through the manufacture, sales, distribution and maintenance of deployed technologies
Commercialization would benefit those communities in greatest need of secure, long-term jobs and help elevate the socio-economic conditions of the border region Improved environmental quality of the region would reduce human exposure to toxins and trigger a host of benefits for public health and sustainable economic growth, including reduced healthcare costs and, potentially, improved academic achievement, and
The schedule, costs and risks for clean-up of contaminated DOE, other U.S., and Mexican sites would be reduced by the availability of improved commercial technologies.
MEXICO'S PRIORITY NEEDS
At the outset of this program, Applied Sciences Laboratory was tasked to review and consolidate data of Mexico's priority energy, water, and environmental management needs. The results served as a starting point for identifying DOE-sponsored science and technology programs that could be applied to address the priority needs. To do so within the program's narrow budget and schedule constraints, ASL leveraged work published in the open literature and obtained the support of Mexico's university Instituto Tecnologico y Estudios Superiores de Monterrey (ITESM) (Monterrey, Nuevo Leon) to build on existing data.
Energy. During the period of the original investigation, Mexico's power consumption was growing at more than twice the U.S. rate. In order to keep up with growth, Mexico prepared to add 12,000 megawatts of electric power (MWe) to its electric power grid in the late 1990s -a 35 percent increase over the country's capacity at that time. Much of this increased power capacity is now provided by natural gas to help reduce air emissions. Also in the interest of improving environmental quality, the Mexican government emphasized energy efficiency and renewable energy programs, including: cogeneration; improved electric end-use efficiency technologies; hydroelectric power generation; geothermal power generation; wind power production; and solar power production.
Water. Water availability is one of the most critical issues of Mexico's economic development. The northern part of Mexico -which comprises almost one-third of the nation's area and includes a number of the nation's major industrial centers -has only 3 percent of the available water. The north is also the region with the greatest rate of economic growth. Even the concentrated water resources of the south are not adjacent to major population centers since the cities are located at considerably higher elevations.
Preliminary (unpublished) studies performed by ITESM's Center for Environmental Quality (CEQ) found that Mexico has an annual water deficit of about 38,000 million cubic meters. This is causing falling underground water tables. To meet daily water demands, water is transported from one place to another at enormous costs. For example, Mexico City (population more than 20 million), which faces enormous water problems, pumps about 80 percent of its water from aquifers faster than they can be replenished. The remainder of Mexico City's water supply is pumped 127 km from the Cutzumala River at a huge energy cost.
Mexico's water distribution system also has serious problems as considerable quantities of water are lost through leakage. These extensive water pumping efforts are triggering concerns over damage to Mexico's ecosystems.
Mexico's severe water supply limitation has prompted the federal government to carefully evaluate industries and determine the types that are most compatible with the long-range sustainable development of the country. Mexican officials have indicated that one way to correct the country's water supply challenges is to desalinate sea water -essentially for the mid and northern parts of the country.
Environmental management. Rapid urbanization and industrialization outpaced the development of Mexico's environmental infrastructure, particularly for municipal wastewater and solid waste collection and treatment. Mexico's priority industrial environmental needs include: air pollution control equipment; water and wastewater systems; resource recovery; hazardous and solid waste management and equipment, analytical and consulting services; instrumentation for measurement and monitoring; and pollution avoidance technologies. Mexico's 1990s market for environmental management systems was highest for water pollution control equipment and services as this represented about 40 percent of the total environmental market in Mexico. Other key markets included solid and hazardous waste management. The main sources of industrial solid waste remain manufacturing, mining, and oil processing.
Mexico's state-owned companies have some potentially staggering clean-up projects. Petroleos Mexicanos (PEMEX) (national petroleum company), Comision Federal de Electricidad (national electric utility), and the state-owned railroad company, Ferrocarriles Nacionales de México, are faced with large-scale remediation projects.
The cleaning and upgrading of storage tanks (underground and aboveground) as well as the remediation of contaminated tank sites remain priority needs throughout Mexico. For example, many of the gasoline storage tanks at PEMEX's 3,000 gas stations throughout Mexico suffer chronic leakage problems. The number of industrial storage tanks that require cleaning and remediation services may be even greater. Furthermore, PEMEX owns many properties that are contaminated with acids and spent oils. The company's refinery units have major problems with hazardous waste disposal, especially polychlorinated biphenyls (PCBs).
The remediation of unsecured municipal landfill sites where hazardous wastes have been improperly disposed of is another important remediation issue. One of the most challenging waste management problems is the disposal of used auto tires which in some cities exceeds several million tires at unsecured sites. These sites are responsible for a number of serious public health issues that have been linked by the U.S. Centers for Disease Control to mosquitoes and rodents that find haven in the tire piles. The ignition (accidental, malevolent, or by act of nature) of these tires is a serious health and safety risk. The smoke from a tire-pile fire causes large spikes in the concentration levels of hazardous byproducts. The resulting smoke threatens the respiratory health of the public.
Air quality. Air pollution is the worst environmental problem facing Mexico's largest cities. The most serious air pollution problems are in Mexico City, Guadalajara, and Monterrey. The health effects of air pollution were estimated in the mid 1990s to cost Mexico City about $1.5 billion each year in lost economic productivity alone. Combined, these three cities are responsible for about 40 percent of Mexico's total atmospheric emissions.
The transportation sector is responsible for more than 70 percent of the air pollution in these cities. Industrial sources (including power generation) are major contributors of sulfur dioxide (SO2), nitrous oxides (NOx), particulate matter, and other regulated pollutants. Mexico's industrial sector generates 4.4 percent of the nation's air pollution and the energy sector (including the petroleum industry) generates 4 percent. Natural sources (especially wind) accounts for 15 percent of air pollution. Industrial need for improved air-pollution control technologies can primarily be found in the mining and foundry, energy, petroleum, petrochemical, pharmaceutical, chemical, steel, plastics, textile, rubber, pulp and paper, and electric-electronics industries.
Solid waste handling. Rapid urbanization and industrialization in Mexico have driven up the need for greater solid waste management infrastructure capacity. In the late 1990s, only about 4 percent of the 526,000 metric tons of solid waste generated each day in Mexico was adequately managed. This is highlighted in Figure 1 which shows the daily solid and hazardous waste generation in Mexico. As depicted, about 15,500 metric tons of Mexico's daily generation of solid wastes includes hazardous materials. Of the estimated 526,000 metric tons of solid waste generated per day in Mexico, over 85 percent (465,000 metric tons) is from industry. The main sources of industrial solid waste are the manufacturing, mining and oil sectors. As shown in Figure 1 , approximately 15,500 metric tons per day of hazardous waste is generated by industry, while only 14 percent of the hazardous waste generated is properly disposed. The maquiladora industry is primarily situated along the U.S.-Mexico border region. Maquiladoras are in-bond facilities that were originally created by the Mexican government in 1965. They are factories that are allowed to import components into Mexico without tariffs for assembly. The components must return to the country-of-origin where they pay a nominal tariff on the "value added" to the product. As long as the imported components brought into Mexico are destined for export, no Mexican import duty is levied on the temporarily imported maquiladora inputs. Maquiladoras can manufacture a broad array of products under Mexican law. Exceptions to this allowance include such industries as petroleum, petrochemicals, and items which contain radioactive elements. The maquiladora industry was largely created to bring employment to Mexico's northern states. 
INITIAL TECHNOLOGY EXCHANGE OPPORTUNITIES

Contaminant Plume Containment and Remediation
The Contaminant Plume Containment and Remediation Focus Area had the largest number (103) of potentially applicable technologies to meet Mexico's priority needs. The majority of the technologies (76) in this group were applicable to soil contamination by industrial solid waste disposal at landfills or dumpsites, followed by surface and groundwater contamination, and finally air (emissions of soil vapor and stack gases).
Landfill Stabilization
The Landfill Stabilization Focus Area had the second largest number (44) of technologies. The majority of technologies in this group (39) were applicable to soil contamination caused by effluents to land (landfills or dump sites). Of the 39 technologies, 26 were considered non-contaminants specific because they measure geological characteristics.
Mixed Waste Characterization, Treatment, and Disposal The Mixed Waste Characterization, Treatment, and Disposal Focus Area had 14 technologies that were relevant to Mexico's environmental needs. The majority of technologies in this group were applicable to soil contamination from Mexican industries.
Pollution Prevention
The Pollution Prevention Focus Area had eight technologies that were pertinent to Mexico's environmental needs. The technologies were evenly apportioned between application to air emissions of soil vapor and stack gases, surface and groundwater, and land media.
Decontamination and Decommissioning Four technologies were identified that had applicability to Mexico's environmental needs from the Decontamination and Decommissioning Focus Area. Two of the technologies were applicable to contamination in pipes.
High-level Waste Tank Remediation
The High-level Waste Tank Remediation Focus Area had four technologies applicable to air contamination of soil vapor and / or stack gases, geological data generation and monitoring of remediation sites.
Efficient Separation and Processing
The Efficient Separation and Processing Focus Area had two technologies potentially applicable to Mexico's environmental needs. Both technologies were applicable to water pollution. Rapid population and industrial growth in the border region have greatly affected regional water sources and spawned other environmental problems. Growth has exceeded the original infrastructure developed to serve a much smaller population. The results have been uncontrolled and untreated wastewater discharges, unsound disposal of municipal and industrial wastes, and escalating air pollution. This has also increased demand for energy and this, in turn, has added to the region's environmental problems. As a result, the U.S.-Mexico border region has some of the most serious environmental problems in the western hemisphere. These problems can be partly attributed to the area's transnational nature. Table 2 ranks the region's major pollution problems. The region's water is supplied by numerous transnational river basins and aquifers. The 14 pairs of U.S.-Mexico sister cities share common air sheds with airborne pollutants freely moving across political boundaries. There is extensive industrial pollution of water, land, and air; dangerously inadequate water treatment and supply infrastructure; and acute shortages of facilities and systems to manage solid waste. Preliminary investigations suggest that these conditions present serious health risks to the region's population. Figure 3 shows the high incidence of various diseases compared to U.S. national rates during the late 1990s. Along the Texas border with Mexico, anencephaly (serious brain disorder in newborns) was more than six times greater than the U.S. incidence levels. Many of these health issues may be attributed to the high concentration and rapid growth of industry and population in the border region, combined with relatively low rates of investment in institutional and physical capacity to handle the attending levels of pollution. Industrial growth in the border region has been driven in large part by the maquiladora program. It is estimated that over 2,000 maquiladora plants have located along the U.S.-Mexico border. Through the late 1990s, it was widely reported that many of the maquiladora plants lacked proper waste treatment or pollution prevention technology and practices. The maquiladora industry contributes indirectly and directly to environmental degradation in the U.S.-Mexico border. Indirectly, job opportunities serve as a draw for migrants from central and southern Mexico, increasing local border populations. Maquiladoras also outsource some production to local factories that lack even rudimentary waste handling / management practices.
(While research indicated that outsourcing to such plants was widespread and such plants' practices were alarming, evidence is largely anecdotal.) This has created an overload of the region's urban infrastructure and its fragile ecology. Directly, the maquiladoras adversely impact the border's environment through improper and / or inefficient disposal of waste material.
Water quality. Based on available information, the status of the water quality in the border region, specifically in the California-Baja California, Arizona-Sonora, New-Mexico-Texas-Chihuahua, and Texas-Tamaulipas regions, was summarized by examining some of the major sister cities in these regions. The results are presented below.
In the Tijuana-San Diego area, the Tijuana sewage system was originally built for a capacity of 17 million gallons of sewage per day (MGD). However, the average sewage production for 1995 was 35-40 MGD. Even today, Mexican and U.S. coastal residents in the Tijuana and San Diego areas are exposed to untreated water. 1995 California EPA data showed daily release levels of 25 MGD of undisinfected wastewater and partially-treated sewage as well as 2-3 MGD of raw sewage into the Pacific Ocean six miles south of the border. Tijuana wastewater and storm water systems are combined. Therefore, industrial waste, laden with lead and pesticide residues, may still flow in the sewage system.
In the Calexico-Mexicali area, the New River had the distinction in the late 1990s of being the dirtiest U.S. river with a flow at the border of 20-25 MGD of partially-treated domestic and industrial wastewater and about 3 MGD of untreated industrial wastewater. Previous monitoring reports revealed high levels of dichloro-diphenyl-trichloroethane (synthetic pesticide, also known as DDT), PCB, chloroform, trichlorethane, toluene, xylene and fecal coliform levels that are several thousand percent higher than the level considered potentially fatal to humans. Warnings are posted to avoid bodily contact with the water.
The Nogales sister cities are still plagued by the heavily contaminated Nogales Wash, a channel with a mixture of toxics and raw human sewage flowing through the downtown areas of Nogales, Sonora and Nogales, Arizona. There is no effective water treatment for the industrial and residential waste of Nogales, Sonora. In 1995, fecal coliform levels were often above Arizona standards by as much as 20 times.
Up until the late 1990s, there was no water treatment facility in Ciudad Juarez. Open canals may still carry "black waters" containing run-off from the city's approximately 350 factories and raw sewage dumped into the Rio Grande. The Rio Grande remains so polluted by human fecal matter in this area that skin contact threatens exposure to cholera, hepatitis and dysentery-causing organisms. This untreated water is often used for irrigation. The situation poses a threat to Mexican farmers and consumers of Mexican produce on both sides of the border.
Air quality. Throughout the 1990s, and perhaps continuing today, the sister-city pair of TijuanaSan Diego competes with Juarez-El Paso for the most polluted border air. San Diego was cited as a 1995 non-attainment zone for carbon monoxide and ozone under the Clean Air Act. Most pollution comes from automobiles in both countries and the Tijuana maquiladoras. As of 1996, very little air-quality data was available for the area nearby Mexicali / Calexico. Figure 4 shows the geographic distribution of non-attainment cities for five of the criteria pollutants. Throughout the 1990s, El Paso regularly exceeded EPA standards for carbon monoxide, ozone, and particulate matter. Maquiladora emissions, small brick factories, burning rubbish, and dust from unpaved roads comprise the extremely high level of dangerous particulate matter in the air. An ozone haze hangs over Juarez and El Paso much of the year caused by emissions reacting with sunlight. The ozone levels in El Paso steadily increased from 58 percent of the days each year having unhealthy ozone levels in 1992, to 67 percent in 1994, and 75 percent in 1995.
Hazardous waste. The increase in border industrial activity led to a companion increase in the creation of hazardous wastes. The damage to the environment and threats to public health are largely caused by illegal dumping of hazardous waste along the U.S.-Mexico border that increased throughout the 1990s. Much of the industrial waste generated in the border region was often reported as "washed down the drain." In 1995, the newspaper Diario de Juarez reported that only 20 percent of industries generating hazardous waste reported proper disposal, while the disposal methods of about 44 tons of daily hazardous waste from the Juarez maquiladora zone is unknown. Oscar Canton Cetina, as Chairman of the Mexican Ecology Commission, revealed that each year, seven million tons of toxic waste is without control and illegally dumped in drains and marine waters. A spokesman for the Mexican National Council of Environmental Industrial Businessmen noted in an August 1995 Excelsior interview that the inspection of the maquiladora industry is virtually non-existent.
The increase in the amount of unrecorded hazardous waste and improper disposal throughout the 1990s is in direct correlation to the incentives for illegal dumping. Mexico's depressed economy was often a stimulus for illegal waste dumping by the maquiladora industry due to the high cost of proper disposal. In addition, the Mexican depression resulted in public spending being slashed and government regulators had fewer resources to investigate and prosecute illegal dumping.
Border population. Almost 90 percent of the border region's population resides in urban areas. For the most part, these urban areas include 14 sister-city communities located along the border, each composed of a U.S. and Mexican city closely related by proximity, commerce, and shared resources. These sister-city pairs are the main points of commercial and human trans-boundary movement. They are the industrial centers of the region. The U.S. Data were collected on the distribution of maquiladora plants, the size of the workforce at the major sister-city pairs, estimates of toxic / hazardous waste effluents, and acid rain and smog precursor effluents 2 . These data, valid through the year 2000, are illustrated in Figure 5 . Baja California has the largest number of plants followed by Chihuahua. The New Mexico-Texas-Chihuahua region, including Ciudad Juarez and Ojinaga, was reported to have the largest workforce. Approximately 34 percent of the region's entire maquiladora workforce is located there. Similarly, California-Baja California including Tijuana, Mexicali, Tecate and Ensenada only, followed with 28 percent of the region's maquiladora workforce. The preponderance of hazardous waste, represented in tons per year, is generated in Chihuahua, followed closely by Baja California. Data, valid through the late 1990s, were then collected from the open literature on maquiladora industries in the major sister-city pairs. Major industrial groupings were assembled from these data. The waste forms produced by these major industrial groupings were identified using EPApublished data for representative U.S. manufacturers of similar products. Tables of the primary hazardous waste effluents from the maquiladora industry were then compiled. The results are shown in Figure 6 . The data offers valuable insights for understanding the potential impacts of the region's waste streams on public health conditions and related learning disorders. A clear bi-national consensus, among the participants, was that the DOE's innovative environmental management technologies offered promise for addressing the border region's needs. Other key findings and conclusions are highlighted below.
U.S.-MEXICO BORDER REGION HAZARDOUS WASTE FORUM
Representatives of the U.S. Congress concurred with the importance of the Department of Energy's efforts to apply its technologies to help solve the border region's problems. The representatives encouraged the Department of Energy to continue its leadership role in this effort.
The Mexican federal government emphasized the urgency of hazardous waste issues and requested U.S. collaboration and assistance to: 1) reduce hazardous waste generation in the border region; 2) improve the safety and efficiency of hazardous waste transportation, storage and treatment; and 3) develop better environmental regulations for the management of hazardous wastes.
U.S. federal agency representatives from the Department of Energy, Environmental Protection Agency, and Department of Health and Human Services jointly acknowledged the need to work together on solving border regional problems. The Environmental Protection Agency stated that it would try to form an interagency alliance with the Department of Energy to leverage the Department's technologies to improve hazardous waste management throughout the U.S.-Mexico border region. This confirmed that the Department of Energy's efforts are complementary, not duplicative, of ongoing border region environmental infrastructure programs.
Each of the Forum's six (6) working groups (listed in Table 5 ) independently concluded that the Department of Energy's technologies offered promise for solving the border region's hazardous waste management problems.
A consensus was reached among the participating legal experts that there are no insurmountable legal barriers that prohibit the implementation of a joint U.S.-Mexico commercialization program for addressing the border region's needs. Table 4 . Participating organizations of U.S.-Mexico border region hazardous waste forum.
Type Organizations Represented
The working sessions that were implemented during the forum were tasked with determining whether there is a basis for pursuing collaborative efforts to apply DOE technologies to help resolve border issues. Table 5 summarizes the results and recommendations of these working sessions. 2. Develop a memorandum of understanding (MOU) to deal with roles and responsibilities for emergencies (plan of action), liability issues, illegal transport, and shipping regulations.
3. Develop partnerships with Department of Safety, Customs, and private industry for potential funding collaboration.
Waste Minimization 1. Encourage collaboration among U.S. federal agencies (i.e., DOE, EPA and HHS).
2. Form strategic federal partnerships with Mexican agencies.
3. Involve state and local governments on both sides of the border as active strategic partners.
4. Address minimization of hazardous and toxic wastes first, then focus on other border region waste issues.
5. Focus initially on the microelectronics industry, particularly for VOC emissions.
6. Develop a fully-integrated, one-stop shop for the access to binational activities.
7. Assist in the formation of U.S. industries, particularly small businesses, to implement commercially available technologies to resolve U.S.-Mexico border waste management issues. Characterization 1. Form partnerships with ININ and EML; DOE/EM-50 (characterization technologies) and INE to develop two-way environmental programs.
2. Establish a waste characterization issues taskforce.
3. Establish technology exchange program: fellowships, electronic and personal communication.
Final Disposition (Landfills)
1. Industry, government and universities should consider forming collaborative teams for exposing and evaluating the best commercial ideas.
Storage and Treatment 1. Encourage the development of centralized facilities for the collection and treatment of hazardous waste generated by border region industries.
Legal Aspects 1. Work with the Autonomous University of Nuevo Leon and appropriate Mexican federal agencies to identify additional legal issues and determine plans of action for addressing them.
2. Pursue identification and resolution of legal issues in "real-world" technology transfer situations within the border region.
7.
TECHNOLOGY DEMONSTRATIONS
Forum participants affirmed the value of preliminary DOE plans to demonstrate technologies under realistic operating conditions. It was determined that such served as a key first step for validating technology relevance to border conditions, as well as conditions elsewhere in Mexico. It was also agreed that demonstrations should be conducted at border sites with the participation of local stakeholders.
With the support of the New Mexico and Texas Congressional delegations, DOE's Albuquerque office initiated and DOE's Carlsbad office assumed sponsorship and led the implementation of a number of technology demonstration projects. Several of these projects required funding for additional development, test and evaluation activities prior to demonstration. Some of these projects are discussed below.
Reducing Brick Kiln Emissions
The first project was an applied technology development, test and evaluation effort conducted by New Mexico State University (NMSU), under the direction of Applied Sciences Laboratory. The resulting technology was later demonstrated and showcased. The project's origins were in materials science work that had been conducted by a scientist and student intern at Los Alamos National Laboratory (LANL). The intern later continued this work as part of his dissertation for a doctoral degree under the direction of a professor within the NMSU Chemistry Department. The candidate's work was assisted by a graduate student from Mexico who also earned a doctoral degree from NMSU in chemistry.
Background. For many generations, small groups of Mexican citizens along the border have been earning a living by making bricks that are widely used by U.S. and Mexican consumers. The traditional brick-fabrication techniques that are employed are similar to those used for centuries to make adobes. The bricks are baked at high temperatures long enough for them to "vitrify" so that the bricks achieve acceptable structural and thermal performance properties.
Traditional brick-making ovens are thermally inefficient and highly polluting. Furthermore, the brick makers' resource constraints make it necessary to use low-cost materials as fuel. These fuels normally include scrap woods, but plastics, industrial woods treated with preservatives, used auto tires, and used motor oils are often used, despite their prohibition, because they are cheap and readily available. The airborne by-products of each of these fuel materials are highly toxic; thus, this industry has become a very serious threat to the region's public health and to the environment.
During the late 1990s, up to 400 kilns were in operation in Ciudad Juarez while about 3,000 kilns operated along the 2,000 mile U.S.-Mexico border region. An independent study found that emissions from these kilns account for up to $150 million per year in related health care costs in Ciudad Juarez and about $15 million per year in related health care costs in El Paso, Texas. The brick makers face more immediate and direct hazards, since they must stoke the fires from above the open air kilns and losing one's balance results in severe burns or death.
Solution. Initially, efforts were undertaken to enclose the kiln using the same clay material that encompasses the kiln. While this reduced emissions dramatically and eliminated most of the hazards to brick makers, it prevented observation of temperature evenness. The solution to this was observation ports in the kiln perimeter and an ingeniously simple rod device that extended aluminum cans into the kiln. Melting of the cans confirmed adequate uniform temperatures.
The key to the technology, however, was tapping the tremendous surface areas in clays and valence in order to absorb large volumes of contaminants and trap them within the clay matrix. Essentially the same material being fired in the kiln (bricks) became the filtration media. Optimizing this materials science application involved an engineering application that also addressed a key inefficiency of the single stage kiln design. Once an enclosed, single stage kiln was fired, it still had to cool down before another batch of bricks could be baked. This wasted time and costly fuel.
By applying simple heat exchange engineering principals to the kiln design, two smaller kilns were connected to the main kiln and heat that was released was now conserved in the two secondary kilns. Unbaked bricks were staged in the secondary kilns and absorbed the airborne contaminants from the primary kiln that was being fired. Once the bricks in the primary kiln were vitrified, residual heat was channeled into the secondary kilns and those kilns were fired with a minimum of heat loss to bake the next batch of bricks.
The resulting, three-stage kiln design, named the "Marquez kiln" after its designer, was a closedloop system that fires bricks in the central or end chambers and traps the contaminants in the system's unfired bricks. It combined high-tech materials science and engineering with low-tech materials and construction techniques. Prototype tests revealed that the design captured 97 percent of all airborne particulates, was 64 percent more efficient, reduced energy costs by 63 percent, increased productivity by 33 percent, and improved material strength by 24 percent. It also virtually eliminated all health and safety risks of operation.
The improved kiln design is also appropriate and sustainable technology. Construction of the kiln required the same clay material as the traditional kilns; a material that is both inexpensive and readily available. Construction costs increased about 60 percent due to the additional labor to make the adobe bricks and assemble the kiln. Nevertheless, the economies are evident to the brick makers and serve as the incentive to invest.
Status. The prototype kiln was constructed in Ciudad Juarez by a local brick maker who partnered with NMSU in the spring of 2000. This effort was successful largely because the development team worked in close collaboration with the region's brick makers. This helped ensure the acceptance of the technology as it was being advanced. The kiln was successfully demonstrated in August 2001. A scaled-down working model was also showcased on the Capitol Mall as part of the Smithsonian Institution's Folk Life Festival. The improved kiln design has application worldwide as the traditional Mexican brick-making process and technology is evident in many of the developing countries of Latin America, Africa, Asia Minor, the Subcontinent, and East Asia.
Following demonstration, the design was reevaluated and, with support from the U.S. Congress, additional design improvements were developed to increase brick-making capacity and recycle scarce water that is used during production. The improved design was constructed in Ciudad After completing their doctorate degrees in chemistry, NMSU researchers continue work on the Marquez kiln and are conducting further research on the use of clays for a variety of environmental and public health applications that are specific to the U.S.-Mexico border region.
Recycling Used Tires
The second project was also an applied technology development, test, and evaluation effort. Thermogenics received in 1998 a second RBEP grant to develop the gas-to-liquid fuels capability of its gasification technology.
Background. In the United States, it is rare to hear of waste management and public health issues associated with used auto and truck tires. The U.S. possesses an infrastructure for the disposal and recycling of used tires. Conditions in Mexico are quite different. In fact, many used tires from the U.S. migrate to Mexico, particularly to the border communities due to the low cost of used tires and depressed economic conditions in Mexico. This drives the requirement to dispose of these tires once they are no longer usable at a much higher per-capita level in Mexico's border communities versus the conditions in the United States.
This situation has led to the accumulation of very large piles of used tires within Mexico's border communities at a rate that far exceeds the capability to dispose / recycle them. For example, Mexican authorities have provided unofficial estimates of the inventory of used tires in Ciudad Juarez exceeding 8 million tires at the city's primary tire disposal site. In Ciudad Juarez, and other border communities, these sites are simply large piles of tires above ground. These unsecured sites provide little protection against malicious acts. Accordingly, these sites present a number of concerns to border communities.
One of the greatest concerns is a tire fire and the immediate effects on public health, the economy, commerce, and the environment. Should any of these tire piles catch fire, it is unlikely that even a bi-national fire department response would have the capability to extinguish the fire. It is common practice in the U.S. to allow tire-pile fires to burn until the fuel source (tires) is depleted. This is because tires have an enormous energy content and, therefore, burn with intense heat at levels that exceed the practical capability to extinguish them. Should this scenario be carried out, for example, in Ciudad Juarez, the impacts would be catastrophic. The region's air shed would experience very high concentration levels of toxic compounds. U.S. and Mexican citizens would experience daily challenges to their respiratory systems to varying degrees depending on their health as well as wind direction and other environmental conditions for any given day. The effects of the airborne particulate and compounds would impact crop production and quality, the meat and poultry industry, and others. One should expect this condition to last not just for days or weeks, but for months; perhaps even for more than a year.
Tire piles are ideal breeding grounds for mosquitoes and rodents. The mosquitoes find haven in the fiber structure of tires where they re-produce. Large rodent populations are also commonly found in the tire piles. Mosquitoes and rodents are a clear threat to the Mexican public. To what degree this situation threatens Americans is dependent on the location of the tire piles and the travel distances of the mosquitoes and rodents. There is clear evidence (e.g., Centers of Disease Control) that there are escalating levels of U.S. and Mexican citizens experiencing serious health issues associated with exposure to mosquitoes. These are certainly linked to mosquitoes and perhaps linked to rodents. Under the present situation, some U.S. and Mexican citizens face these unhealthy conditions for their entire lifetimes.
Airborne pollutants are just one of the by-products of tire fires. Tire fires will also generate hazardous and toxic liquid byproducts that will migrate from the ground surface to below ground. The extent of migration is dependent on several factors, one of which is the soil properties. Thus, this situation poses a threat to the region's aquifers. The extent of contamination of these aquifers is unknown, but it is clear that many border region communities face water shortages and can ill-afford damage to their aquifers.
Solution. Used tires are a source of useful energy. Rather than being discarded and collecting in solid waste sites, used tires are sometime recycled into several forms such as pavement materials, park benches, and other products. The cement industry recognizes the enormous heat value of used tires and often burns them in the production of cement. But, it is clear, that in some parts of the world (and certainly in the U.S.-Mexico border region) the generation rate of used tires exceeds the recycling rates. Some entrepreneurs have become aware of this situation and recognize the economic value of used tires. A few have made it their priority to advance and potentially commercialize technology that can cleanly and effectively recycle used tires into useful energy forms.
Thermogenics, Inc. has been designing and testing a tire-recycling system that converts shredded tires to a gaseous fuel for more than a decade. While the process is not yet commercially successful, Thermogenics has achieved used-tire fuel conversion in a form that can power an internal engine and, in turn, drive an electric generator that produces electric power. This end-toend functionality has been achieved on a single platform at the company's test and evaluation facilities. Recognizing the importance of this issue and the potential contribution of the Thermogenics tire-recycling system, the Department of Energy's Albuquerque and Carlsbad offices sponsored a demonstration of the Thermogenics system during fiscal year 2000.
Status. The demonstration, held at the Thermogenics facility, included 20 participants from U.S. and Mexican government offices and the business and academic sectors. During the demonstration, the system's shredded-tire input stream was converted to a methane-based gas and the gas, in turn, successfully powered an internal combustion engine. The engine drove a generator. DOE's Carlsbad office then sponsored follow-up work that focused on further testing and improvements of tire-recycling technology. The follow-up work was completed and did not advance further due to funding setbacks for the program.
Other Technology Demonstrations
Personal Ice Cooling System (PICS). For workers who must perform their duties in thermally hot environments, the potential of heat stress is a serious occupational concern. When subject to heat stress, a worker's judgment is impaired and can quickly suffer heat exhaustion. The problem is compounded for emergency responders of U.S. Electromagnetic radiography. Many border communities are concerned about known and perceived hazardous contaminants in the soil that threaten public health. Conventional characterization methods are costly and slow. This technology was first developed by U.S. industry in collaboration with Sandia National Laboratories to detect buried waste drums and other materials. Electromagnetic radiography is routinely used to detect and characterize subsurface hazards to soil depths up to 48 feet. Demonstration of electromagnetic radiography was conducted in 2001 in the Nogales sister city community in partnership with the Nogales Economic Development Foundation, Tucson Environmental Management Division, and the Nogales, Sonora Office of Civil Protection. The demonstration team identified a potentially contaminated plume in a highly-populated residential area; at another site, the team located tunnels used for illegal operations. The demonstration confirmed the technology's value in locating and identifying subsurface contaminants within just a few hours and without extracting costly borehole samples.
Sediment Erosion Field Measurement. The El Paso Valley is heavily stressed by development and population pressures. Because the quality of surface water is so important to human health, technologies that aid in managing and protecting this valuable resource from contamination are needed. Sandia National Laboratories carried out the demonstration in 2001-02 of the Sediment Erosion Field Measurement technology for gauging erosion and the transport potential of sediments in the Rio Grande. Work was carried out in partnership with the International Boundary and Water Commission, University of Texas at El Paso, U.S. Army Corps of Engineers, and the Autonomous University of Ciudad Juarez. The technology has since been used extensively on near-shore and river systems throughout the United States.
Radio Frequency Identification (RFID). There remains serious concern over the tremendous volumes of container and trailer ingress into the U.S. each year -estimated to be 16 million shipments. Only a fraction of shipments are inspected. In partnership with the U.S. transportation industry, DOE sponsored a 2002 demonstration of the RFID technology for its effectiveness in detecting the unauthorized intrusion and breach of a locked truck trailer or cargo container. Conducted in Laredo, Texas, the demonstration included simulated breaches into a trailer. The demonstration utilized an origin and destination chokepoint, where the system is activated and secured during each demonstration cycle. The status of the trailer, as indicated by the RFID system, revealed that the cargo container had been breached. Notification of the breached condition was successfully downloaded from the Internet in real-time and displayed. The RFID security system detected and immediately reported the time and date of the unauthorized trailer breaches. Today, RFID is widely applied by Customs and Border Protection operations.
Quick-SLAB toxic gas dispersion modeling system. Typically, following notification of a toxic release, it takes 90 minutes for trained emergency responders to gather information on the release, enter data to a software code, execute the code, and interpret results. Dense industry and population in many border communities make 90-minute predictions too long to help ensure public safety. Furthermore, the difficulty of using conventional air-dispersion codes often discourages emergency responders from using them in a crisis. To overcome these challenges, Applied Sciences Laboratory linked the SLAB air-dispersion code -developed by Lawrence Livermore National Laboratory -with an innovative user interface comprising of databases of toxic chemical inventories, their locations, and the locations of community facilities, along with an automated weather-station interface. This capability allows the emergency responder to rapidly predict, display and report toxic gas releases from industrial and municipal accidents. The resulting Quick-SLAB system was successfully developed, field tested, and deployed in 2002-03 in partnership with the Nogales, Arizona Fire Department; Nogales, Sonora (Mexico) Office of Civil Protection; and Ciudad Juarez, Chihuahua (Mexico) Environmental and Civil Protection Departments. Quick-SLAB, which cuts air-dispersion prediction time to less than 10 minutes, is now a bilingual tool routinely used to protect the binational interests of the U.S. and Mexico.
Solar water distiller. Colonias are faced with the daily challenge of securing a dependable potable water supply. Residents must haul their own water and store it in barrels. The water is often of poor quality with high dissolved solid content. DOE sponsored the demonstration in 2003 of the SolAqua, Inc. (El Paso, Texas) solar distiller system in Ciudad Juarez. The system had been advanced with the earlier support of materials and manufacturing expertise from Sandia National Laboratories with the goal of achieving affordable and effective household solar distillers for the border region's colonias. The demonstration revealed contaminant issues in the purified water. However, these issues were traced by researchers to the use of commercial water hoses that introduced additional water contaminants into the process. Recommendations focused on resolving this additional waste stream before proceeding with technology deployment.
8.
RECOMMENDATIONS
This report chronicles in a summary fashion work that was initially undertaken to expand the application and impact of the Department of Energy's environmental technology development program through collaborations with Mexico. The shift in focus towards U.S.-Mexico border security and prosperity was prompted by the results of the earlier investigations and growing recognition over the course of these investigations that U.S. and Mexican interests converge most markedly along the border. Yet, from the Mexican perspective, conditions on the border, or frontera, are relatively good by comparison with other regions of the country.
Accordingly, it behooves the U.S. to assume a lead role in improving border conditions. In this regard, there needs to be a U.S. focal point that draws upon the expertise of various federal agencies, industry, academia and the communities along the border to focus on coordinated solutions. The Department of Energy, as a major science and technology organization, has much to contribute to this effort, but is not in a position to address issues outside its mission space any more than any other federal agency can.
Much has been accomplished by the Department in collaboration with U.S. and Mexican organizations. However, much more remains to be done. It is recommended that an entity be established with the mandate and resources to lead such an effort. It is also recommended that the Department of Energy continue in a support role to provide new and innovative technologies and approaches in addressing border needs.
